Epidemiology:
The true incidence of hypertension in the pediatric population is not known. This vagueness partly stems from the somewhat arbitrary definition of hypertension. Studies have not been performed in children, although reports from small populations of children provided compelling evidence of relationship between hypertension and both ventricular hypertrophy and atherosclerosis. Children who are obese have approximately a 3-fold higher risk for hypertension that children who are not obese. 6 The epidemic of overweight and obesity in youth is increasing the prevalence of hypertension among children and adolescents. 7, 8 In both developed and developing countries childhood obesity continues to increase and in association with hypertension, dyslipidemia and diabetes mellitus forms the 'metabolic syndrome' The prevalence of hypertension in obese children is much higher at 11-30% with improvement in BP on weight reduction and increased activity. 9 Obesity in childhood also results in numerous sequelae and comorbidities such as hepatic disease, orthopedic problems and psychosocial disorders. From a cardiovascular standpoint, numerous studies over the years have firmly established the link between increased BMI and increased BP in children and adolescents. In numerous school screening studies conducted in the United States over the past several years, most notably in Houston, TX, the prevalence of hypertension in adolescents has been shown to be as high as 10% among those with BMI >97th percentile. Strong associations between overweight and elevated BP have also recently been reported in sixth-graders in Seminole County, FL14 and in even younger children in Anadarko, OK. 10 There are insufficient data that define the role of race and ethnicity in childhood hypertension, although results of several studies show black children having higher blood pressure than white children. Heritability of childhood hypertension is estimated at 50 percent. One report noted that 49 percent of patients with primary childhood hypertension had a relative with primary hypertension, and that 46 percent of patients with secondary childhood hypertension had a relative with secondary hypertension. Another report showed that in adolescents with primary hypertension there is an overall 86 percent positive family history of hypertension. 5 No significant differences are observed in BP between girls and boys younger than 6 years. From that age until puberty, BP is slightly higher in girls than boys. At puberty and beyond, BP is slightly higher in male adolescents and men than in comparably aged female adolescents and women. 6 Height and weight affect BP. However, these relationships do not become evident until children are school aged. 7
Risk factors:
The risk factors for high blood pressure are very similar for both adults and children. Obesity, exercise level, genetic traits, and family history all play an important role. Even though the actual risk factors are as same as adult they tend to work differently -some are more important, some are less important -and there is no universally accepted way to calculate total risk in children. Following factors should be considered:
Body weight and Body Mass Index
Increasing body weight and body mass index are reliable signals indicating increased risk of developing high blood pressure.
Socio-Economic Factors
Many studies have found that pediatric population from low socio-economic backgrounds has an increased risk of health problems, including high blood pressure.
Ethnicity
Bogalusa Hearth Study 4 -seemed to show different blood pressure risk trends between black and white children, but several later studies have been unable to replicate the results, showing no risk difference between the two groups.
Family History:
Family history appears to play a strong role in a child's risk of developing high blood pressure. Some researchers have estimated that about 70% of the cases of high blood pressure in a family are a direct result of genetics 4 .
Breastfeeding
Two studies involving more than 15,000 children have found that children who are breastfed appear to have a lower risk of developing high blood pressure early in life. On average, these children had systolic blood pressures that were about 1.2 mmHg lower than bottle fed children. Diastolic pressure was also lower, but systolic pressure continued to show a decreasing trend for as long as breast feeding continued 4 .
Other risk factors for high blood pressure depend on underlying health conditions, genetics or lifestyle factors 4 . Recent data shows that low birth weight, prematurity and uric acid levels are associated with hypertension early in childhood and in young adult life, not just in later adult life. Reduction of dietary salt intake leads to significant reductions in blood pressure in infants and young children. Elevated uric acid levels play a key role in essential hypertension by contributing to endothelial dysfunction leading to microvascular and inflammatory injury to the kidney. 9 Definition And Classification Of Hypertension: According to the criteria of the Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure (BP) in Children and Adolescents, normal BP in children is defined as Systolic BP (SBP) and Diastolic BP (DBP) less than 90th percentile for age, sex and height, whereas hypertension is defined as SBP and/or DBP persistently 95th percentile or more, measured on at least three separate occasions with the auscultatory method. Children with average SBP or DBP 90th percentile or more but less than 95th percentile are classified as having high-normal BP. Adolescents with BP 120/80 mmHg or more even if less than 90th percentile are also considered as having high-normal BP ( Table-I ).
Additionally, the Fourth Report provides criteria for staging the severity of hypertension in children and adolescents which can then be used clinically to guide evaluation and managements. Stage 1 hypertension is defined as BPs from the 95th percentile to the 99th percentile plus 5 mmHg. Stage 2 hypertension denotes any BP above the 99th percentile plus 5 mmHg. Children or adolescents with stage 2 hypertension should be evaluated and treated more quickly and/or intensively than those with a lower degree of BP elevation. 11 The term white-coat hypertension defines a clinical condition in which the patient has BP levels that are >95th percentile when measured in physician's office or clinic, whereas the patient's average BP is <90th percentile outside of a clinical setting. Ambulatory BP monitoring (ABPM) is usually required to make this diagnosis. 12 Evidence that white-coat hypertension is potentially a pre hypertensive state in some children comes from a retrospective study of 119 patients aged 6-18 years old by Kavey et al. 12 Blood Pressure Measurement: According to the National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents (NHBPEP) recommendations, children three years of age or older should have their blood pressure measured when seen at a medical facility. The preferred method for blood pressure measurement is auscultation. Aneroid manometers are used to measure blood pressure in children and are accurate when calibrated on a semiannual basis. Correct measurement of blood pressure in children requires use of a cuff that is appropriate to the size of the child's upper right arm. This is the preferred arm because of the possibility of decreased pressures in the left arm caused by coarctation of the aorta. By convention, an appropriate cuff size is one with an inflatable bladder width that is at least 40 percent of the arm circumference at a point midway between the olecranon and the acromion. The cuff bladder length should cover 80 to 100 percent of the circumference of the arm. An oversized cuff can underestimate the blood pressure, whereas an undersized cuff can overestimate the measurement. 5 Ideally, the child whose BP is to be measured should have avoided stimulant drugs or foods, have been sitting quietly for 5 minutes, and seated with his or her back supported, feet on the floor and right arm supported, cubital fossa at heart level. A stethoscope placed over the brachial artery pulse, proximal and medial to the cubital fossa, and below bottom edge of the cuff (ie, ~2 cm above the cubital fossa). SBP is determined by the onset of the "tapping" Korotkoff sounds (K1). Population data in children and riskassociated epidemiologic data in adults have established the fifth Korotkoff sound (K5), or the disappearance of Korotkoff sounds, as the definition of DBP.
Oscillometric devices measure mean arterial BP and then calculate systolic and diastolic values must be validated on a regular basis. Two advantages of automatic devices are their ease of use and the minimization of observer bias or digit preference. Use of the automated devices is preferred for BP measurement in newborns and young infants, in whom auscultation is difficult, and in the intensive care setting, in which frequent BP measurement is needed. Evidence of elevated intracranial pressure.
Ambulatory Blood Pressure Monitoring (ABPM)
ABPM refers to a procedure in which a portable BP device, worn by the patient, records BP over a specified period, usually 24 hours. ABPM is very useful in the evaluation of hypertension in children. ABPM is especially helpful in the evaluation of white-coat hypertension as well as the risk for hypertensive organ injury, apparent drug resistance, and hypotensive symptoms with antihypertensive drug. ABPM is also useful for evaluating patients for whom more information on BP patterns is needed, such as those with episodic hypertension, chronic kidney disease, diabetes, and autonomic dysfunction. 13 ABPM also may have a role in differentiating primary from secondary hypertension. 5 
Diagnosis:
In addition to a thorough clinical history, physical examination and laboratory and radiological investigations, the initial work up for a child with suspected hypertension should be targeted towards confirming hypertension, identifying comorbidities and looking for the presence of target organ damage. 9 With the appropriate information, unnecessary and often expensive laboratory and imaging studies can be avoided. 5
Table-IV Common Causes of Hypertension by Age 14

Infants
Children Adolescents 
History and Physical Examination
The child with primary hypertension often has a positive family history of hypertension or cardiovascular disease. Other risk factors including metabolic syndrome and sleep-disordered breathing (from snoring to obstructive sleep apnea) also are associated with primary hypertension. A careful history will uncover these important elements. It is helpful to remember that secondary hypertension is more likely in a younger child with stage 2 hypertension, thus data about systemic conditions associated with elevated blood pressure should be elicited. Because most secondary hypertension is renovascular in origin, a focused review of that system may provide insight into the possible etiology. A medication history should include any use of over-the-counter, prescription, and illicit drugs, because many medications and drugs can elevate blood pressure. The physician should also ask about the use of performance-enhancing substances, herbal supplements (e.g., ma huang), and tobacco use. 5 Physical examination should include calculation of BMI because of the strong association between obesity and hypertension. Obtaining blood pressure readings in the upper and lower extremities to rule out coarctation of the aorta also is recommended. Examination of the retina should be included to assess the effect of hypertension on an easily accessed end organ. In the majority of children with hypertension, however, the physical examination will be normal. 5 But some signs and symptoms that should alert the physician to the possibility of hypertension include the following 10 : 
Laboratory and Imaging Tests:
Laboratory testing and imaging on a child with hypertension should screen for identifiable causes, detect comorbid conditions, and evaluate end-organ damage. Screening tests should be performed on all children with a confirmed diagnosis of hypertension.
In addition to the diagnostic tests already mentioned, an assessment of end-organ damage must be made. Retinopathy, microalbuminuria, and increased carotid artery thickness have all been reported in children with primary hypertension. Documenting LVH is an important component of the evaluation of children with hypertension. Because echocardiography is noninvasive, easily obtained, and more sensitive than electrocardiography it should be part of the initial evaluation of all children with hypertension and may be repeated periodically. 5 Table- 
Management:
Careful clinical assessment is the key tool for identifying secondary causes or a predisposition to primary hypertension, with laboratory testing reserved if a specific underlying cause is suspected. Management is directed at secondary causes, and general cardiovascular risk reduction is aimed at dietary modification, increased exercise and attainment or maintenance of ideal body weight. Institution of drug therapy depends on the degree of hypertension and the risk of future endorgan damage or cardiovascular disease. 14 Endorgan damage, comorbid conditions, and associated risk factors also influence decisions about therapy.
Nonpharmacologic and pharmacologic treatments are recommended based on the age of the child, the stage of hypertension, and response to treatment.
Nonpharmacologic Treatments:
For children and adolescents with high-normal or stage 1 hypertension, therapeutic lifestyle change is recommended. These include weight control, regular exercise, a low-fat and low sodium diet, smoking cessation, and abstinence from alcohol use.
Obesity increases the occurrence of hypertension threefold while favoring the development of insulin resistance, hyperlipidemia, and salt sensitivity. Significant obesity also increases the likelihood of left ventricular hypertrophy (LVH) independent of blood pressure level. Exercise has been shown to lower blood pressure in children, but does not affect left ventricular function. Participation in competitive sports are permitted for children with high-normal, stage 1 hypertension, or, controlled stage 2 hypertension in the absence of symptoms and endorgan damage.
Data regarding dietary changes in children with hypertension are limited. Nevertheless, the NHBPEP has taken an aggressive stance on sodium restriction, recommending sodium intake of 1,200 mg per day. A no-salt-added diet with more fresh fruits and vegetables combined with low-fat dairy and protein akin to the DASH (Dietary Approaches to Stop Hypertension) food plan may be successful in lowering blood pressure in children. Increased intake of potassium and calcium also has been suggested as nutritional strategies to lower blood pressure. Whatever lifestyle changes are recommended, a family-centered rather than patient-oriented approach usually is more effective.
Pharmacotherapy:
Reasons to initiate antihypertensive medication in children and adolescents include symptomatic hypertension, end-organ damage (e.g., LVH, retinopathy, proteinuria), secondary hypertension, stage 1 hypertension that does not respond to lifestyle changes and stage 2 hypertension. In the absence of end-organ damage or comorbid conditions, the goal is to reduce blood pressure to less than the 95th percentile for age, height, and sex. When end-organ damage or coexisting illness is present, a blood pressure goal of less than the 90 th percentile is recommended. Drug therapy is always an adjunct to nonpharmacologic measures.
Information about long-term, untreated childhood hypertension and the impact of antihypertensive medications on growth and development is insubstantial. According to the NHBPEP, pharmacotherapy should follow a step-up plan, introducing one medication at a time at the lowest dose, and then increasing the dose until therapeutic effects are seen, side effects are seen, or the maximal dose is reached. Only then should a second agent, preferably one with a complementary mechanism of action, be initiated. 5 Safe and effective use of antihypertensive agents requires adequate knowledge of their pharmacologic properties, including metabolism, disposition, and effect in children of varying ages 15 . 
Management of hypertensive crisis:
• Hypertensive crises occur as a result of an acute illness, such as postinfectious glomerulonephritis or acute renal failure, the excessive ingestion of drugs or psychogenic substances, or exacerbated moderate hypertension,
• The clinical manifestations may be those of cerebral edema, seizures, heart failure, pulmonary edema, or renal failure. Remember that accurately assessing BP in every patient presenting with a seizure is essential, particularly when no seizure disorder has been established in that patient.
• Anticonvulsant drugs are usually ineffective in treatment of a seizure due to a hypertensive crisis. However, seizures due to severe hypertension must be treated with a fast-acting antihypertensive drug.
• Drugs currently used to treat hypertensive emergencies include - • Hypertensive emergencies should be treated by an intravenous antihypertensive that can produce a controlled reduction in the blood pressure, aiming to decrease the mean arterial pressure by 25% over the first 8 hours after presentation and then gradually normalizing the BP over the next 48 hours 16 . Clinicians should be familiar with the effect and adverse effects of these drugs. Patients must be supervised closely to avoid an excessively rapid decrease in BP. which may result in underperfusion of vital organs.
• For the management of neonatal hypertension, treatment should be initiated in the presence of a 
Transcatheter theory
• Interventional cardiac catheterization procedures can be used to treat coarctation of the aorta. Balloon dilation of a previously untreated coarctation remains controversial. Some pediatric cardiologists recommend this approach and also place a stent at the coarctation site. The appropriateness of this approach remains to be determined in studies of long-term outcome.
• Balloon dilation, with or without stent placement, has gained widening acceptance for treatment of recurrent coarctation. Recurrence is most likely to arise when young infants must undergo surgical repair because of the severity of the lesion.
• Interventional catheterization with balloon dilation can also successfully relieve many instances of discrete renal artery stenosis.
Surgical Care:
Surgery may be required for children with severe renal vascular hypertension, renal hypoplasia, coarctation of the aorta, Wilm's tumor, or pheochromocytoma. 6
Follow Up: Close monitoring of patients with hypertension, particularly during the initial phase of therapy is needed. A chemistry panel should be checked after therapy with an ACE inhibitor or an angiotensin-II receptor blockers (ARBs) is started or increased. The frequency of visits is dictated by various factors, including the following:
• Degree of control
• Extent of understanding of the disease and its treatment by both the parents and/or caregivers and the patient
• Adherence to nonpharmacologic and pharmacologic treatments
• Ability to properly monitor blood pressure (BP) at home
• Likelihood of drug adverse effects
• Need to monitor for complications of hypertension
• Need to monitor for weight loss.
After surgical or catheter treatment of coarctation of the aorta, patients must be monitored yearly with accurate measurement of systolic and diastolic pressures in the right arm. For these measurements, the patient should be properly positioned. Systolic pressures in both the right arm and leg should be obtained with the patient supine. Remember that systolic pressure in the lower leg should exceed that in the arm. 6 systolic blood pressure above the 99 th percentile for age, or in the presence of end organ damage, the 95 th percentile. Clear guidelines as to the definition of a hypertensive emergency in neonates is unclear, however if a recorded blood pressure is 30% greater than expected then emergency treatment should be initiated. 17
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